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ITICLE DELIVER 

In our earlier W094/24263, we disclose a non-invasive 
drug delivery system involving the use of a needleless 
5 syringe which fires particles of a therapeutic agent in 
controlled doses into body tissue, e.g. through the intact 
skin, or delivers genetic material into living cells. The 
syringe described in the earlier application is constructed 
as an elongate tubular nozzle, a rupturable membrane 
10 initially closing the passage through the nozzle adjacent 
to the upstream end of the nozzle, particles of a 
therapeutic agent located adjacent to the membrane, and 
energising means for applying to the upstream side of the 
membrane a gaseous pressure sufficient to burst the 
15 membrane and produce through the nozzle a supersonic gas 
flow in which the particles are entrained. 

As explained in the earlier specification, the 
particles of the therapeutic agent may be powdered drugs 
for all kinds of therapeutic use. Similarly the earlier 
specification explains the parameters of particle size 
(preferably 10-40 ^m) density (preferably 0.5-2.0 g/cm 3 ) , 
and velocity (preferably 200-2500 ^m/sec) , and momentum 
density, that is particle momentum divided by particle 
frontal area, (preferably 4-7 kg/sec/m) , which have been 
found to be appropriate for adequate target penetration. 
These parameters are unchanged but we have now devised a 
modification of the particle delivery system. 

Syringes of the above type for transdermal delivery of 
drugs have generally had an elongate shape with a straight 
nozzle portion terminating in an outlet directed in the 
axial direction of the nozzle. This is perfectly 
satisfactory for drug delivery to most external parts of 
the body. However, this is not universally so. For 
example, for many dental operations the appropriate sites 
35 for delivery of a local anaesthetic such as lignocaine are 
into the gums or palate close to the teeth. These 
injections can be very painful and can cause distress both 
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to the dentist and the patient. It would therefore be very 
desirable to be able to use the new needleless injection 
system for injections into the palate and other relatively 
inaccessible sites within the mouth including the cheeks 
5 and gums. However it is difficult to position the tip of 
the previously proposed needleless syringes in the 
appropriate positions with the axis of the nozzle 
substantially perpendicular to the mucosal surface. 

According to the present invention, a needleless 

10 syringe comprises an elongate tubular nozzle, which has a 
bend a part way along its length, and an upstream end of 
which is, or is arranged to be, connected to a source of 
gaseous pressure; means for suddenly releasing the gas to 
create a supersonic condition within the nozzle; and a 

15 source of particles of a powdered therapeutic agent which 
are arranged to be propelled from the downstream end of the 
nozzle upon the gas release. 

The invention also includes a method of delivering a 
therapeutic agent to an internal mucosal surface such as 

20 the gums, cheeks or palate of the mouth, the vagina, the 
rectum or the nasal or ocular mucosa, the method comprising 
applying the new syringe using the bend in the nozzle to 
enable the downstream end of the nozzle to be directed 
substantially normally to the mucosal surface, and 

25 operating the syringe to cause the particles of powdered 
therapeutic agent to be propelled into the mucosal surface. 

It is thus possible to deliver therapeutic agents into 
the palate, cheeks, gums and other mucosal tissue, for 
local and systemic applications using the new needleless 

30 injection system. 

Examples of therapeutic agents which may be delivered 
in this way include topically active local anaesthetics, 
such as lignocaine hydrochloride, lignocaine base, 
ropivacaine hydrochloride, bupivacaine, procaine, 

35 prilocaine, tetracaine, etidocaine, benzocaine, cocaine and 
similar, which may be mixed with epinephrine (adrenaline) 
to cause vasoconstriction and prolong the anaesthetic 
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effect. Alternatively, the therapeutic agent may be a 
systemically-active organic or inorganic small molecule, 
peptide, natural or recombinant protein, vaccine or 
oligonucleotide such as insulin, growth hormone, glucagon, 
atropine, alprazolam, calcitonin, desmopressin, 5HT 
dihydroergotamine, interleukin, metal ions and similar. 

The nozzle may be flexible, for example comprising a 
metal coil, which may be embedded within a pliable 
material, such that the bend may be adjusted to a desired 
angle, and is then stable in the adjusted position. This 
will facilitate application of the downstream end of the 
nozzle to various inaccessible parts of the patient's mouth 
or other mucosal cavities. 

The release means may comprise a rupturable membrane 
which initially closes the passageway through the nozzle; 
and a valve for releasing gas from the source into a 
chamber behind the membrane until the membrane ruptures. 
Alternatively, the release means may be a fast self opening 
valve having a closure element which is initially held in 
20 a closed position, and means for releasing the element 
whereupon the element moves to an open position under the 
pressure of the gas source. 

The supersonic condition may be a supersonic gas flow 
in which the particles are entrained, as described more 
fully in WO 94/24263. However, if the supersonic flow is 
created upstream of the bend it has been found that the 
flow may have difficulty in passing around the bend without 
suffering inacceptable deceleration. To counteract this, 
it is proposed that the part of the nozzle downstream of 
the bend is narrower than the part upstream of the bend so 
that the gas flow is accelerated to supersonic speed only 
after the gas has travelled around the bend. 

Surprisingly, we have found that with this 
construction the gas can pass through the wider upstream 
portion of the bend at moderate speed, before being rapidly 
accelerated to a necessary supersonic speed at the narrower 
portion downstream of the bend. The narrower portion is 
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preferably of convergent/cylindrical or 
convergent/divergent shape with the convergent portion 
being of greater conicity than the cylindrical or divergent 
portion. The means for initiating the gas flow can be 
5 positioned as remotely as is convenient from the nozzle 
outlet, e.g. away from the patient's mouth. The particles 
of therapeutic agent may be entrained in the gas flow in 
the upstream portion of the nozzle and accelerated to 
supersonic speed as they pass through and out of the 

10 downstream portion of the nozzle. 

The particles to be entrained may be initially located 
between two rupturable diaphragms extending across the 
interior of the nozzle; and if the supersonic flow is 
initiated by a rupture of a membrane, the rupturable 

15 membrane may be provided by one of the diaphragms. 

Instead of the particles being entrained within a 
supersonic gas flow, the arrangement may be such that the 
downstream end of the nozzle is provided with a bistable 
diaphragm, which is movable between an inverted position in 

20 which it presents outwardly of the nozzle a concavity 
containing the particles, and an everted, outwardly convex, 
position, the arrangement being such that a supersonic 
Shockwave, providing the supersonic condition in the 
nozzle, is arranged to snap the diaphragm over from its 

25 inverted to its everted position, and to catapult the 
particles outwardly, similarly to the technique described 
in our earlier international patent application No. PCT/GB 
95/03016. The advantages of this system, as compared to 
the particle-entraining supersonic flow system are its 

30 quietness, and the fact that, in dental applications, no 
gas is ejected from the nozzle into the patient's mouth. 

Experiments show that the necessary Shockwave to evert 
the diaphragm can be generated upstream of the nozzle bend 
and have enough energy to round the bend. This enables the 

3 5 Shockwave to be generated remote from the patient's mouth 
and enables the downstream end of the nozzle, which enters 
the mouth, to be of small size. 
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The particles in the concavity of the bistable 
diaphragm may be covered by a thin barrier film which 
ruptures upon eversion of the diaphragm. The process of 
releasing the particles without shedding fragments of the 
5 barrier film can be aided by scoring, punching, cutting, or 
providing other lines of weakness in the barrier film. The 
film may provide the sole means of retaining the particles 
in the concavity, or it may be provided to maintain 
sterility, the particles being otherwise immobilised on the 
10 diaphragm. 

There are a number of ways in which the particles may 
be initially retained on the everting diaphragm. First, 
the particles may be retained by a weak adhesive or 
cohesive agent, which temporarily binds the particles to 
the concave face of the diaphragm, and possibly also to one 
another. The eversion process breaks up the weak particle- 
diaphragm and weak particle-particle bonds. Examples of 
appropriate adhesive/cohesive agents are water, ethanol, 
methanol, glycerol, KY jelly, sucrose solution, trehalose 
solution and albumin solution, and volatile granulation 
solvents, such as perfluoro alkanes, which are well known 
in the tab letting art. 

Secondly, the particles could be retained on the 
diaphragm by freezing. The freezing process can be slow, 
eg using a standard refrigerator, or rapid, using eg liquid 
nitrogen or dry ice. if the particles are hygroscopic, 
then the freezing process harnesses the moisture content in 
order to bond the particles to the diaphragm, and possibly 
also to each other. if the particles are thawed after 
freezing, then the adhesion/ cohesion can be maintained. 

Thirdly, the particles and diaphragm assembly could be 
placed in a centrifuge so that the centrifugal acceleration 
forces the particles onto the concave face of the 
diaphragm. This compaction process "sticks" the particles 
to the diaphragm and produces an even distribution of 

_ i • _ 
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These methods of retaining the particles on the 
diaphragm form independent aspects of the invention and are 
applicable to all applications of the everting diaphragm 
technology, as described in earlier PCT/GB 95/03016 f and 
5 not only when applied to a nozzle having a bend between 
upstream and downstream portions. 

Irrespective of how the supersonic flow or Shockwave 
is produced, in both cases the velocity is increased if the 
gas which is released into the nozzle is lighter than air, 
10 eg helium. The velocity is also increased if the nozzle is 
initially filled with a gas which is lighter than air, eg 
helium. 

Examples of syringes constructed in accordance with 
the present invention are illustrated in the accompanying 
15 drawings, in which: 

Figures 1 to 4 are axial sections of four examples of 
syringe; and, 

Figures 5 and 6 show an evertable diaphragm of the 
second, third and fourth examples before and after firing, 

20 respectively. 

The syringe illustrated in Figure l has a cylindrical 
reservoir 3 initially containing helium under a pressure of 
between 40 and 100, eg about 80, bar. The reservoir, which 
can be provided as a separate item, is sealed and screwed 

25 to a body 4 containing a rupture chamber 5. The body 4 is 
in turn screwed to a head 6 of a nozzle 7. Sandwiched and 
sealed between a flange on the body 4 and the end of the 
head 6 is a sealed capsule 8 consisting of a pair of 
rupturable membranes 9 , spaced at their edges by a ring and 

30 containing between them powder particles P of a therapeutic 
agent, such as lignocaine alone or in an inert carrier. 
Instead of screw connections, other attachment means, such 

« 

as bayonet couplings or snap fits may be used. 

The nozzle 7 is of right angular shape and 
3 5 incorporates an upper longer, wider passageway 10 upstream 
of a bend 11, and a shorter narrower convergent/divergent 
portion 12 projecting laterally from the upstream portion 
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downstream of the bend 11. The nozzle terminates in a soft 
annular spacer 13 from within which an exhaust passage 14 
leads back along the nozzle 7 to exhaust ports 15 in the 
head 6. 

In use helium from the reservoir 3 is released into 
the rupture chamber 4 upon depression of a plunger 16 and 
consequential opening of a valve 17. When the pressure in 
the chamber 5 has built up sufficiently, the membranes 9 
are ruptured, releasing a flow of gas through the nozzle 7 
with the particles entrained in the flow. The flow passes 
around the bend n and into the narrower portion 12 , which 
has a shorter convergent entry part followed by a short 
cylindrical part leading to a larger divergent part of 
lesser angle of conicity than the convergent part. in 
doing so the gas flow is accelerated to supersonic speed of 
Mach 2 to Mach 8 and the particles are carried by the gas 
out through the spacer 13 , which has previously been placed 
m contact with the skin, and into the skin. The gaseous 
Shockwave, which is reflected from the skin, passes back 
through the exhaust passage 14 where its energy is 
dissipated with minimum noise. 

In the Figure 2 example, release of gas into the 
chamber 5 from the reservoir 3 enables the gas to flow 
through the passageway 10 in the nozzle so that pressure 
builds up behind a rupturable membrane 18 ( in a downstream 
portion 19 of the nozzle, which projects laterally at 90« 
to the axis of the upstream portion of the nozzle. The 
portion 19 contains an evertible bistable diaphragm 20 
which is shaped in the form of a dome from a stiff and 
strong, but resilient, material such as Mylar by 
thermoforming in suitable jig. The diaphragm has a 
peripheral flange 21. The concavity of the diaphragm 
initially contained particles P of a therapeutic agent, 
which are retained to the diaphragm by one of the methods 
referred to above, a thin barrier film 22 has its edges 
sealed to the diaphragm. The downstream portion of the 
syringe is assembled by inserting the membrane 18 into a 
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counterbore in the portion 19 , until its edges engage an 
annular shoulder at the end of the counterbore, inserting 
a spacer sleeve 23 so that it abuts the edge of the 
diaphragm, inserting the diaphragm as shown in Figure 5, so 
that its flange 21 engages the end of the spacer, and 
securing the three parts in place by screwing into the 
extreme downstream end of the portion 19 a gland nut 24 • 

In operation, when the gaseous pressure released from 
the reservoir 3 is sufficient, the membrane 18 ruptures, 
releasing a Shockwave which travels faster than the speed 
of sound (typically two or three times faster) and which 
causes the diaphragm 20 suddenly to evert from a downstream 
concave shape to a downstream convex shape. This causes 
the barrier film 22 to open and the particles P to be 
propelled, as shown in Figure 6, at supersonic velocity 
from the end of the nozzle, in use into the patient's 
tissue against which the end of the nozzle has previously 
been placed. 

The Figure 3 example differs from the Figure 2 example 
in that the downstream portion of the nozzle is connected 
with the upstream portion through a smoothly and curved 
bend, rather than through an angular bend. Also, the 
diaphragm 18 is now positioned at the upstream end of the 
upstream portion of the nozzle, at the outlet of the 
rupture chamber 5, instead of in the downstream portion. 
The flange of the evertible diaphragm is directly in 
engagement with the shoulder at the end of the counterbore 
in the downstream portion of the nozzle and is held in 
position by a sealing ring and a gland nut 25. This 
example operates in the same way as that of Figure 2 except 
that in this case the supersonic Shockwave is produced at 
the upstream end of the nozzle, upon rupture of the 
membrane 18, and travels along the upstream and downstream 
portions of the nozzle before causing eversion of the 
diaphragm 20 and expulsion of the particles P. 

The Figure 4 example differs from the Figure 3 example 
in that there is no rupturable membrane 18. Instead of the 



WO 96/25190 



PCT/GB96/00340 



valve n, operated by the plunger 16, the valve stem 26, 
which carries the valve closure element 17 at its lower 
end, is connected to the element by a frusto conical 
portion 27. As there is no equivalent enlargement at the 
other end of the stem 26, the pressure in the reservoir 3, 
acting on the portion 27 continually urges the stem 26 
downwardly, and hence the element 17 towards its open 
position. This is initially prevented by a trigger 28, 
which is pivoted to a head 29 of the reservoir and urged by 
a leaf spring 30 to rotate in an anti-clockwise direction 
as seen in Figure 4, so that a tip 31 of the trigger 
engages an annular groove 32 in the upper part of the stem. 
When the trigger is depressed, pivoting clockwise as seen 
in Figure 4, the tip 31 moves out of the groove 32, 
allowing the stem 26 to move suddenly downwardly under the 
high pressure in the reservoir 3, releasing the gas from 
the reservoir into the nozzle 10, and thus producing a 
supersonic Shockwave which travels along the nozzle and 
everts the diaphragm 20. The downward movement of the stem 
26 is limited by engagement of a flange 33, at the upper 
end of the stem, with the arms of a U-shaped yoke 34, which 
is insertable through a lateral bore in the head 29, the 
bore being closed by a screw threaded plug 35. 

Although not shown, the nozzle in each case may be 
prefilled with a gas, such as helium, which is lighter than 
air. in the Figure 1 example, this case may be contained 
by a peelable or burstable closure foil at the downstream 
end of the nozzle. 
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CLAIMS 

1. A needleless syringe comprising an elongate tubular 
nozzle, which has a bend a part way along its length, and 

5 an upstream end of which is f or is arranged to be, 
connected to a source of gaseous pressure; means for 
suddenly releasing the gas to create a supersonic condition 
within the nozzle; and a source of particles of a powdered 
therapeutic agent which are arranged to be propelled from 
10 the downstream end of the nozzle upon the gas release, 

2. A syringe according to claim 1, wherein the release 
means comprises a rupturable membrane which initially 
closes the passageway through the nozzle; and a valve for 

15 releasing gas from the source into a chamber behind the 
membrane until the membrane ruptures. 

3. A syringe according to claim 1, wherein the release 
means is a fast self opening valve having a closure element 

20 which is initially held in a closed position, and means for 
releasing the element whereupon the element moves to an 
open position under the pressure of the gas source. 

4. A syringe according to any one of the preceding 
25 claims, in which the supersonic condition is a supersonic 

gas flow in which the particles are entrained. 

5. A syringe according to claim 4, wherein the part of 
the nozzle downstream of the bend is narrower than the part 

30 upstream of the bend so that the gas flow is accelerated to 
supersonic speed only after the gas has travelled around 
the bend. 

6. A syringe according to claim 5, wherein the narrower 
35 part of the nozzle downstream of the bend has a 

convergent/ divergent or convergent/cylindrical shape. 
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7. A syringe according to any one of claims 4 to 6, 
wherein the particles are initially located between two 
rupturable diaphragms extending across the interior of the 
nozzle. 

5 

8. a syringe according to any one of claims 4 to 7, when 
dependent upon claim 2, wherein the rupturable membrane is 
provided by one of the diaphragms. 

10 9 * A syringe according to any one of claims l to 3, 
wherein the downstream end of the nozzle is provided with 
a bistable diaphragm, which is movable between an inverted 
position in which it presents outwardly of the nozzle a 
concavity containing the particles, and an everted, 
outwardly convex, position, the arrangement being such that 
a supersonic Shockwave, providing the supersonic condition 
in the nozzle, is arranged to snap the diaphragm over from 
its inverted to its everted position, and to catapult the 
particles outwardly. 
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10. A syringe according to claim 9, wherein the particles 
in the concavity are covered by a thin barrier film which 
ruptures upon eversion of the diaphragm. 

11. A syringe according to claim 9 or claim 10, wherein 
the particles are initially retained on the everting 
diaphragm by a weak adhesive or cohesive agent. 

12. A syringe according to claim 9 or claim 10 wherein the 
particles are initially retained on the everting diaphragm 
by freezing or centrifuging. 

13. A syringe according to any one of the preceding 
claims, incorporating, upstream of the nozzle, a reservoir 
containing the gas source at a pressure of between 40 and 
100 bar. 
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14. A syringe according to any one of the preceding 
claims, in which the pressurised gas is a gas which is 
lighter than air. 

5 15. A syringe according to claim 14, wherein the gas is 
helium. 

16. A syringe according to any one of the preceding 
claims, wherein the nozzle initially contains a gas which 

10 is lighter than air. 

17. A syringe according to claim 16, wherein the gas 
within the nozzle is helium. 

15 18. A syringe according to any one of the preceding 
claims, wherein the nozzle is flexible so that the bend may 
be adjusted to a desired angle, and is then stable in the 
adjusted position. 

20 19. A syringe according to any one of the preceding 
claims, wherein the therapeutic agent is a topically active 
local anaesthetic. 

20. A syringe according to claim 19, wherein the local 
25 anaesthetic is lignocaine hydrochloride, lignocaine base, 

ropivacaine hydrochloride, bupivacaine, procaine, 
prilocaine, tetracaine, etidocaine, benzocaine, or cocaine. 

N 

21. A syringe according to claim 19 or claim 20, wherein 
30 the local anaesthetic is mixed with epinephrine 

(adrenaline) to cause vasoconstriction and prolong the 
anaesthetic effect. 

22. A syringe according to any one of claims 1 to 18, 
35 wherein the therapeutic agent is a systemically-active 

organic or inorganic small molecule, peptide, natural or 
recombinant protein, vaccine or oligonucleotide such as 



WO 96/25190 



PCT/GB96/00340 



13 

insulin, growth hormone, glucagon, atropine, alprazolam, 
calcitonin , desmopressin , 5HT , dihydroergotamine , 
interleukin, or metal ions. 

23. A syringe according to any one of the preceding 
claims, wherein the particles have a size of between 10 and 
40 /xm. 



24. A syringe according to any one of the preceding 
claims, wherein the particles have a density of between 0.5 
and 2.0 g/cm 3 . 

25. A syringe according to any one of the preceding 
claims, in which the particles are propelled from the 
downstream end of the nozzle at a velocity of between 200 
and 2500 m/sec. 



26. A syringe according to any one of the preceding 
claims, wherein the momentum density of the particles 
propelled from the downstream end of the nozzle is between 
4 and 7 kg/sec/m. 

27. A method of delivering a therapeutic agent to a 
mucosal surface such as the gums, cheeks or palate of the 
mouth, the vagina, rectum or nasal or ocular mucosa, the 
method comprising applying a syringe according to any one 
of the preceding claims, using the bend in the nozzle to 
enable the downstream end of the nozzle to be directed 
substantially normally to the mucosal surface, and 
operating the syringe to cause the particles of powdered 
therapeutic agent to be propelled into the mucosal surface. 

28. A method of therapeutic treatment, comprising the 
trans-mucosal delivery of a particulate agent that provides 
said therapeutic treatment, which comprises administering 
the particles to the locus of trans -mucosal administration. 
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29. A method according to claim 28, in which the agent has 
no, or a minor amount by volume of, inert carrier or 
diluent. 

5 30. A method according to claim 28 or claim 29, wherein 
the particles are administered at a velocity in the range 
between 500 and 1,500, preferably between 750 and 1,000 
m/sec; and/or the particles have a size in the range of 
between l and 50, preferably between 10 and 20 urn; and/or 
10 the density of the particles is in the range of between 0.5 
and 2.0, preferably substantially l.o g/cm 3 . 

31. A method according to any one of claims 28 to 30, in 
which the therapeutic agent is a topically active local 

15 anaesthetic. 

32. A syringe according to claim 31, wherein the local 
anaesthetic is lignocaine hydrochloride, lignocaine base, 
ropivacaine hydrochloride, bupivacaine, procaine, 

.20 prilocaine, tetracaine, etidocaine, benzocaine, or cocaine. 

33. A syringe according to claim 31 or claim 32, wherein 
the local anaesthetic is mixed with epinephrine 
(adrenaline) to cause vasoconstriction and prolong the 

25 anaesthetic effect. 

34. A syringe according to any one of claims 28 to 30, 
wherein the therapeutic agent is a systemically-active 
organic or inorganic small molecule, peptide, natural or 

30 recombinant protein, vaccine or oligonucleotide such as 
insulin, growth hormone, glucagon, atropine, alprazolam, 
calcitonin, desmopressin, 5HT, dihydroergotamine, 
inter leukin, or metal ions. 
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